Abstract-Thick films of AR Grade nano Fe 2 O 3 material with n-type semiconducting properties were prepared and tested for their gas sensing performances. Thick films of the materials were prepared by screen printing technique. The gas sensing performance was studied using static gas sensing system. 
I.
INTRODUCTION
In recent years considerable attention has been focused on use of metal oxide semiconductors for the purpose of gas sensing application. Iron oxide, metal oxide semiconducting material, can exist in various forms such as α-Fe 2 O 3 , γ-Fe 2 O 3 and Fe 3 O 4 . The gas sensing properties of α & γ forms are still not established and contrasts are available in Iron oxide literature [1, 2] . Some papers attribute to gas-sensing properties of γ-Fe 2 O 3 and Fe 3 O 4 rather than to α-Fe 2 O 3 . The α-Fe 2 O 3 form has been recognized as having minimal gas-sensing response [1] It has been reported that the thermal stability of the γ-Fe 2 O 3 limits its use as gas sensor [2] Iron titanium oxide solid solutions have shown response to ethanol [3] . Some report says α-Fe 2 O 3 , the most stable iron oxide with n-type semiconducting properties under ambient conditions, is extensively used as gas sensor, catalysts [4, [5] [6] [7] [8] [9] . In metal oxide semiconductor thick film gas sensor, surface structure of the film and surface to volume ratio play very important role in sensing performance.
In present work nano Fe 2 O 3 , being smaller in size, was especially studied to observe the effect of change in surface to volume ratio on the gas sensing performance of the material. As it is known a specific area is sharply increased with decrease of grain size. A high specific surface area and comparability of grain size (D) with the thickness surface charge layer can take great advantage for the development of high-sensitive gas sensors [10] . It is known that the surface of nano structure with high surface to volume ratio is very unstable and it easily adsorbs foreign molecules for stabilization [9, 10] . Structural factor for nanoscaled material is complicated conception and apart from size, crystallite shape, nanoscopic structure, crystallographic orientation of nanocrystallites planes forming gas sensing surface affect sensing performance of the sensing material [11] .
II. EXPERIMENTAL
The Gas-sensing measurements were carried out by the static gas-sensing system Figure 1 [12] in which the testing material film was mounted on the stand with electric heater in the glass chamber. The temperature was maintained by automatic temperature controller. The adequate voltage was given through electrical contacts to the film. Figure 1 . Schematic of static gas sensing system Known volume of the gas was injected in the chamber through the syringe. The change in the resistance of the film on exposure to the gas was noted by observing corresponding change in the current passing through the pico-ammeter connected in series with the testing film. The sensor was fixed on to a sample holder with heater. Working temperature was determined with the help of thermocouple attached to the sensor. The different concentrations of sensing gases were maintained in the test chamber. The temperature was kept constant during each measurement.
The sensor response, change in current passing through test material, was measured by picoammeter.
III.
RESULTS AND DISCUSSION a. Structural characterization i. Thickness measurement
The thickness of the film prepared by screen printing technique was measured by the weight difference method [13] . The substrate was weighed before deposition (screen printing) of the film. After depositing the material on the substrate, the film was dried and sintered and again its weight was taken. The weight difference, density of the material and the area of the film were used to identify the thickness of the film Thickness of the film t= M/A. ρ ……………………………………… (1) Where M is difference between weight of the substrate after and before deposition of the film,
A is the area of the film deposited in cm 3 and ρ is the density of the material deposited in gmcm -3 . The thickness of the film observed was 27 µm.
ii. XRD The structural properties of the film was studied using X-ray diffractometer ( Bruker D 8
Advance, France) with Cu Kα radiation of wavelength 1.5404 Å. Figure which causes increase in surface to volume ratio eventually increase in interaction with gas molecule, is beneficial for gas sensing properties of the film.
v. Quantitative Analysis: Table 1 shows the elemental analysis which clearly depicts the percentage of O and Fe present in the film. No noticeable amount of impurities is found in the film material. ii. Selectivity of the sensor Selectivity to the gas indicates that sensing performance of the film to the test gases at particular temperature. Figure 11 shows the selectivity of the sensor. In present work the test material
showed maximum sensitivity to ethanol gas at 350 o C while at the same temperature the
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sensitivity response to all other gases tested was very low as compared to ethanol gas. The sensor found highly selective to ethanol at 350 o C as compared to other gases.
iii. Long term stability of the sensor Working life of the sensor is one of the most important parameter for its practical application.
The long term stability test of the sensor was conducted to obsereve the variation in its sensitivity reponse corresponding to its aging period. After every five days time span the response of the film was tested. The process of tesiting was carried for 70 days. The observed change in sensitivty was decrease in sensitvity. The sensitivity was dropped from 180 to 168. Figure 12 shows the variation in the sensitivity with respect to the period in days. Figure 12 . Long term stability.
iv. Response and recovery times
These are the important parameters for designing sensor for the desired operation. The response time is defined as the time taken for the sensor to attain 90 % of the maximum change in resistance on exposure to the test gas and the recovery time is defined as the time taken by the sensor to get back to 10 % of the value of its resistance at the time of maximum resistance.
In present work the response and recovery times are defined as the times required for a sensor to reach 90 % of its full response. From Figure. 
IV. GAS SENSING MECHANISM
a. Electrical conduction mechanism of n-type material and ethanol Figure 14 shows mechanism of electrical conduction due to the gas sensing in n-type material [16] [17] [18] . Figure 14 . Schematic illustration of the mechanism of n-type materials. Releasing electrons to the depletion layer and increasing the electrical conductance of the semiconductor decreases the resistance. The sensitivity to ethanol vapor is greatly promoted by basic oxides [20] . Being specific to the ethanol vapor, the sensing performance should be related to the oxidation of ethanol vapor. 
